. 2012. Insights and opportunities offered by a rapid ecosystem service assessment in promoting a conservation agenda in an urban biodiversity hotspot. ABSTRACT. Regional and global scale ecosystem service assessments have demonstrated the socioeconomic value of protecting biodiversity and have been integrated into associated policy. Local government decision makers are still unsure of the applicability, return on investment, and usefulness of these assessments in aiding their decision making. Cape Town, a developing city in a globally recognized biodiversity hotspot, has numerous competing land uses. City managers, with a tightly constrained budget, requested an exploratory study on the links between ecosystem services and biodiversity conservation within this municipal area. We set out to develop and test a simple and rapid ecosystem service assessment method aimed at determining the contribution natural vegetation remnants make to ecosystem service provision. We took selected services, identified in conjunction with city managers, and assessed these in two ways. First we used an area weighted approach to attribute services to vegetation types and assessed how these had changed through time and into the future given development needs. Second, we did a regulatory and cultural service remnant distance analysis to better understand proximity effects and linkages. Provisioning services were found to have been most severely affected through vegetation transformation. Regulatory services have been similarly affected, and these losses are more significant because regulatory services can only function in situ and cannot be outsourced in the way provisioning services can. The most significant losses were in coastal zone protection and flood mitigation services, both of which will be placed under even greater pressure given the predicted changes in climatic regimes. The role of remnant vegetation in regulating and cultural services was shown to be a significant additional consideration in making the case for conservation in the city. Our rapid assessment approach does not allow for nuanced and individual understanding of the trade-offs presented by individual remnant patches, but is particularly strong in quickly identifying issues, key focus areas, and opportunities provided by this research direction, and thereby serving to facilitate and drive constructive engagement between ecosystem service experts and city planners.
INTRODUCTION
Ecosystem services are seen as a way of demonstrating the relevance and value of biodiversity to society, and the value of ecosystem service-based approaches is now, at a global scale, becoming well entrenched into national level policy (Seppelt et al. 2011) . Ecosystem services assessments, however, have typically been carried out at regional scales and primarily in rural environments. Agriculture, water production, carbon sequestration services, and to a lesser extent cultural services, have formed the primary focus of these assessments (MEA 2005) . These assessments have typically been large in scale, time, and people intensive, and thus expensive, as in the case of the Millennium Ecosystem Assessment (2005) . Local level assessments of services remain under-explored and the urban context has received limited attention. The urban ecology underpinning this and true engagement with city-scale drivers and their effects, is still an emerging science (Pickett et al. 2001, Cadenasso and . Cities are key to securing long-term global sustainability, so interest in urban ecology is growing (Piracha and Marcotullio 2003) . The loss of urban green space also impacts on conservation, particularly where cities and high biodiversity levels coincide. Where this happens an additional dimension is added, and the importance of existing urban nature, its functioning and connectivity, has to be more carefully considered in the planning process (Yli-Pelkonen and Niemelä 2005) .
The limited urban ecosystem services assessment work to date typically has had a northern hemisphere, developed world bias. Different cities face different issues, and developing cities within biodiversity rich areas face numerous, and specific challenges (Piracha and Marcotullio 2003) . These relate to meeting local and global conservation expectations, local service delivery, and navigating the disputed territory between these as they play out around land-use allocation and associated trade-offs. What commonly emerges in developing cities is inefficient resource and land use, frequently with immediate negative environmental consequences and longer term realized negative social impacts (Piracha and Marcotullio 2003) . The City of Cape Town in South Africa faces these Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ types of difficulties, in particular motivating for biodiversity conservation at sites being promoted for development (Holmes et al. 2008) . Although ecosystem services have been valued at the city scale (See De Wit et al. 2009) , no spatial assessment of these services has been undertaken so clear links between the ecosystem services and the spatial representation of functioning ecosystems or natural vegetation remnants are lacking. Cadenasso and Pickett (2008) call for ecologists to get involved in city planning with some urgency. There is a pressing need for readily available information and spatial assessment tools for city planners and managers to use to guide, or at least inform, decision making around ecosystem service and biodiversity issues. Cities are typically complex decision making environments (Piracha and Marcotullio 2003) that require novel approaches to inform decision making forums. This paper introduces and applies a rapid assessment tool as a way of conceptualizing or scoping the spatial arrangement of, and temporal engagement with, ecosystem services in Cape Town. We use existing data, informed by the particular circumstances of Cape Town, and under the directive of the city's Biodiversity Management Branch, to determine the value of the approach. We used vegetation type and cover to characterize the ecosystem generating resources, both historically and currently, and then assessed how future land use change might affect services. In addition we examined remnant distance relationships for certain services. Both the findings and the value of the tool itself are considered.
STUDY AREA
The City of Cape Town is located on the southwestern tip of southern Africa and is situated in the Cape Floristic Region, a globally recognized biodiversity hotspot (Mittermeier et al. 2005 ) and conservation priority (Underwood et al. 2009 ). The city occupies about 2460 km², has a population of 3.7 million people, and includes 19 national terrestrial vegetation types, containing an estimated 3250 plant species, of which 190 are endemic (Rebelo et al. 2011 , Holmes et al. 2012 . The city has varied topography, with mountain ranges in the southwest (Table mountain range) and east (Hottentots Holland and Kogelberg ranges), a low lying central region referred to as the Cape Flats where urbanization is focused, coastal areas on the south and western edges, and agricultural areas in the northeast (Rebelo et al. 2011) . The urban spatial arrangement is typical of postapartheid cities in South Africa with racially defined spatial planning (Swilling 2010 ) still evident and aligned with significant wealth disparities. Transforming informal settlements into formal housing is one of the key development challenges (Swilling 2006 , 2010 , Holmes et al. 2008 .
METHODS

Identifying ecosystem services
The ecosystem service assessment team worked with the Biodiversity Management Branch of the City of Cape Town to identify the ecosystem services used in this investigation. City managers identified coastal security, water related issues, human well-being, and tourism as broad areas of concern. The managers and the project assessment team worked together to assemble available spatial data relating to ecosystem services, and looked for the potential linkages between the data and the services or issues of interest. The resources available for the analysis and assessment on this project amounted to a total of a one person week (senior scientist level).
A simple assessment method was applied to relate ecosystem service values to vegetation types, distances, and land uses. The approach was two-pronged. First we assessed a suite of provisioning and regulatory services in relation to land cover change within the City of Cape Town by contrasting three different land transformation scenarios: completely natural (no transformation), current land use (current levels of transformation), and future possible land use (projected transformation) with four ecosystem services themes, namely agricultural provision, water run-off regulation, groundwater, and coastal zone protection. Under each of these themes one or more ecosystem service indicators or surrogates were examined. This was done to provide an indication of the current state of specific ecosystem services within the city in contrast to the potential maximum level, as well as to highlight how future scenarios of land cover change could be assessed and why this is important. We drew on the approach proposed by Deal and Pallathucheril (2009) who suggest the characterization of the resource and associated services in ways that facilitate modeling the future impacts of land use change on service delivery. Non-natural remnants, although recognized as providing a suite of ecosystem services which may complement or augment those from natural remnants, were combined with formal housing in this analysis. This potentially undervalues the ecosystem service contributions from these land types and is a recognized limitation of the study.
Second, because much of the available data related to specific point localities, for example, where natural areas were in relation to potential users or beneficiaries and was not suitable for use in the land cover assessment, we developed an approach to incorporate these data. We demonstrate this by assessing a further suite of services, cultural and regulatory, in relation to their proximity to, and association with remaining natural vegetation remnants. Here we examined tourism sites, cultural sites, schools, and cultivated land associations with natural vegetation remnants.
Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ Ecosystem service assessment associated with land cover change Land cover mapping: potential, actual, and future Potential vegetation of the city was mapped using the South African National Vegetation map (Mucina and Rutherford 2006) combined with finer scale city vegetation subtype mapping (A. Stipinovich and P. Holmes, unpublished report) . This layer was used as a representation of land-cover precolonial settlement, when ecological states and associated services were assumed to be at their highest potential level.
We combined this indigenous remnant vegetation layer with the National Land-Cover 2000 ( Van den Berg et al. 2008 ) to generate what we have called an actual land use or land cover layer for the city (Fig. 1 ). There were some discrepancies in these layers between what was natural and what was not. This related mainly to very small fragments that the National LandCover identified as natural remnants, and these were labeled as 'unknown'. The actual land-cover layer was then combined with each of the ecosystem service layers (listed below) to assign land-use-class status to service areas and service-level weights across land use classes. No ground truthing was performed in this study because the original National LandCover 2000 had been ground validated by Van den Berg et al. (2008) .
We generated an additional hypothetical land-cover layer, based on a single future scenario, both to demonstrate the potential value of an approach that introduces spatially defined future scenarios, and to determine likely changes in ecosystem service levels in the future (Fig. 1) . Here we reclassified all natural vegetation remnants in the actual land cover that were not in protected areas or formally managed areas as urban or built-up (formal housing).
Measuring change in services
Although there are a variety of ways to map ecosystem services and examine changes in these over time, our emphasis on developing a simple and rapid assessment approach led us to focus on vegetation types. This is supported by Pickett and Cadenasso's (2008) argument that the functioning ecology of a city is hinged primarily on the presence of plants and plant communities. Yapp et al. (2010) also used a structural vegetation classification in assessing ecosystem services in Australia.
For each service we identified appropriate datasets that enabled us to quantify services. We used an area weighted approach or proportional representation, to assign service values to the vegetation types in our potential vegetation map. This allowed us to determine how service levels had changed over time according to the change in area of the vegetation type associated with actual and future land cover maps. Although we made every attempt to use data with an appropriate resolution, including the city natural vegetation Fig. 1 . Past, potential vegetation cover (a); present, current land-cover (b); and potential future land cover, if all natural remnants, not formally protected, were converted to formal housing (c) for the City of Cape Town. http://www.ecologyandsociety.org/vol17/iss3/art27/ remnants layer that was ground truthed for habitat condition, some datasets developed at the national scale had to be utilized, and may only be considered to provide a broad (generalized) overview when used at this scale, a further limitation of our selected approach.
Agricultural provisioning services
Although provisioning services were excluded from the initial discussions, we have included two of these services in our analysis, to demonstrate historical changes. Furthermore, these services may become increasingly important under conditions of climate change, in which food security may become a more localized concern.
Land capability: We used the Land Capability data set (Agricultural Research Council 2002) as an index of agricultural potential within the city. This data set divides the national land surface into eight classes, ranging from 1 = very high potential, to 8 = very low potential.
Grazing potential: The relative value of the land for livestock production was estimated by calculating the grazing potential of each vegetation type. This potential was derived from Scholes' (1998) national estimates of sustainable mean domestic livestock production. As Scholes (1998) provided categorical ranges of values we used the midpoint value of each class in assigning these values.
Water run-off regulation
Soil retention: Natural vegetation is important for stabilizing wind and water erosion prone soils (Gordon et al. 2008) . Some forms of land cover also provide a measure of this service such as formal medium-density urban areas, however other land cover classes do not provide this services as effectively, for example, cultivated land when poorly managed (Van Noordwijk et al. 2004 ). We used the soil erodibility factor defined and mapped by Schulze and Horan (2007) . They assigned each soil type (bare soils) within South Africa with an erodibility factor (K), ranging from 0.1 (soils with a low erodibility) to 0.7 (soils with a high erodibility). We developed a soil erodibility data layer for all vegetation types within the city.
Critical infiltration zone mapping: Infiltration is a critical factor in rain water capture by the soil and a key factor in reducing overland run-off and flood peaks as well as recharging catchment water storage and sustaining river flows in the dry season (Gordon et al. 2008) . There are synergies between this service and the flood mitigation service. We developed a critical infiltration zone data layer using a national rainfall coverage (Schulze 2007 ) and selecting areas of high and most intense rainfall (800 mm and above) as priority areas for ensuring maximum possible infiltration. All vegetation types that fell within these areas were assumed to have the same weighting.
Flood mitigation zone mapping: We developed a flood mitigation zone layer for the city using a number of different spatial datasets. We took the national 1:500,000 rivers (large river systems) of the country and the 1:500,000 wetlands (see Nel et al. 2011) , and selected those that fell within the city boundary. We created a 50 m buffer for these rivers. A 1:50,000 rivers dataset (smaller river systems) for the city was buffered by 32 m (DLA-CDSM 2007). The two river layers were merged with the flood prone areas data layer provided by the city, also buffered with a 50 m buffer, to create a single layer, which we call 'the flood mitigation zone.' This is an area that should remain undeveloped so as to allow for flood water spreading, infiltration, and calming. This area also is important for its potential to act as a buffer for improving the quality of water run-off from nonpoint sources of pollution.
Coastal zone protection
Natural vegetation and dune systems, particularly the foredune, play key roles in buffering the coastline against the impacts of periodic storms (Barbier et al. 2011 ). We developed a coastal zone protection layer based on the Integrated Coastal Management Act (Republic of South Africa 2008) recommendation of a 1000 m "no development zone" along coastlines, by buffering the city's coastline. We then calculated the areas for all land use classes for each of the three layers to obtain the predevelopment total area by vegetation type in this zone and the degree to which this has changed.
Groundwater recharge, yield, and quality
Groundwater recharge: Groundwater recharge is critical for sustained river flows in the dry season, for certain vegetation communities, and potential or actual human use for a range of purposes (Colvin et al. 2007 , Scanlon et al. 2007 ). We used the national groundwater recharge data layer from a groundwater resource assessment (DWAF 2005).
Groundwater yield: We used city scale groundwater borehole yield data in liters per second as service values (City of Cape Town 2002). The borehole yield is a direct measure of the potential for groundwater abstraction and use.
Groundwater quality: We used the groundwater conductivity values (mS/m) to define classes (City of Cape Town 2002). Water quality determines the amount and cost of treatment required to purify it for human use so high quality water is of great value.
Integrated service analysis
To determine the level of service delivery generated by each vegetation type, and current and future land use or status, an expert group consisting of five senior scientists, all experts in fields associated with the selected services, scored cards of land use types in association with ecosystem services (between 0 -10). Scores were then averaged, and are presented in Table  1 . The land use types included here were: natural vegetation in high (good), medium, and poor condition, cultivation, forestry plantations, urban industrial, urban formal housing, urban informal housing, urban small holdings, mining and quarries, and unknown. The unknown category was scored as either being cultivated or natural in poor condition, based on firsthand knowledge of a sample of these fragments. The product of the vegetation type ecosystem service value and the land use score was then calculated for each of the nine ecosystem services. This process, in essence, combines the contribution of the original vegetation type with the associated land use and ecosystem service levels, and land use changes and captures their associated ecosystem service effects, for the past, present, and future scenarios. Values were then proportionally weighted between 0 and 1, and mapped according to the current land cover of the city.
Proximity of remnant to beneficiaries
Pollination service potential
We took the natural remnant data layer supplied by the city and created a 250 m gridded surface layer. We then calculated the distance from each grid cell classified as natural to the nearest land class area of cultivated land. We then selected natural remnants that were within 0 -0.5, 0.5 -5, and 5 -10 km based on known solitary and honey bee foraging distances (Beekman and Ratnieks 2001, Gathmann and Tschamtke 2002) . This approach excludes bees that are moved in hives for commercial gain.
Cultural features
We took the created 250 m gridded surface layer of remnants and combined it with a cadaster layer, of all the heritage sites supplied by the city's heritage department. We calculated the distance from each grid cell classified as natural to the nearest land class area designated as a heritage site. All natural remnants areas within 1 km of a heritage site were selected, assuming that visitors to heritage sites may be interested in natural remnant areas if they were within close proximity or walking distance.
Tourism services
We acquired a tourism routes data layer from the city's tourism branch that consisted of three known routes with stop-off points within the city. This data layer was combined with the gridded natural remnant data layer and used to estimate the distance from each natural remnant to stop-off points. Using our knowledge we added additional points to one of the routes. We selected all natural vegetation remnants that are within 500 m of tourism route stop-off points. This distance was decided on by the project team and requires testing.
Education service potential
We took the natural remnant data layer, retaining only areas protected or managed as conservation areas and containing portions of river systems in natural condition and created a 250 m gridded surface layer. A schools database supplied by the city was used to calculate distances between remnants and schools. Remnants that were within a walking distance of 1 km of schools were plotted based on a small sample of known activities of this nature. The factors guiding exclusions may need to be reconsidered, but we excluded areas in a poor ecological state because these are less attractive to schools owing to lower biodiversity values and perceived pupil and staff safety issues.
RESULTS
Ecosystem service assessment associated with land cover change
The potential or original vegetation cover for the City of Cape Town (Fig. 1a) is considered to provide optimal potential ecosystem service delivery for the suite of selected services.
Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ The current land use for the City of Cape Town (Fig. 1b) represents current ecosystem service delivery from natural remnants. The marked topography in parts of the city has focused development and transformation in the lowland areas. The mountainous areas have remained largely intact (Fig. 1b) . The future scenario of conversion of unprotected natural vegetation remnants to formal housing further entrenches this pattern because unprotected areas that could be transformed occur mainly in low lying areas (Fig. 1b) .
There are marked changes in ecosystem service delivery between the original and current potential of the area, as well as projected service delivery under the future scenario described above (Fig. 2) . The greatest reduction is in the grazing potential (49%), followed by land capability (32%), and flood mitigation (32%). Further reductions (additional 20%) are anticipated in grazing potential and land capability in the future. The future degree of change in the flood mitigation service may seem relatively small, but it is primarily the lower lying and flatter areas that are more at risk of flooding. The coastal protection zone has also decreased 25% because of land cover transformation, so too groundwater quality (27%), yield (20%), and recharge (20%), and further decreases in these services are anticipated under the future scenario. Soil retention has changed relatively little because most of the area with > 800 mm of rainfall is on slopes too steep to develop, on soils with little agricultural value, or in protected areas. The mapped ecosystem services highlight the degree to which services differ in their nature, but are generally affected by urban and agricultural transformation. An assessment of natural remnants indicates that much of the best agricultural and grazing land within the city has been converted to urban areas, or is under cultivation (Fig. 3a,b) . This broad overviewhighlights the inherently low stocking rates of the Cape Flats, mainly because the soils are infertile sands with fynbos that provide low quality grazing. The high capacity in the mountain areas and the southern western peninsula is probably due to the errors in the underlying data.
Natural vegetation generally provides the highest level of soil retention, preventing it from eroding and filling storm water systems and rivers with sediments (Fig. 3c) . The scarring produced by soil erosion is generally highly visible and detracts from the aesthetic value. The critical infiltration areas within the city (Fig. 3d) play an important role in absorbing large volumes of rain water. This diminishes peak flood flows and is released during the dry season to sustain flows in the river systems. We have highlighted the areas with > 800 mm per year but lower rainfall areas also play a role. The city's flood mitigation zone (Fig. 3e) highlights the rivers systems and the extensive coastal wetlands that once characterized Cape Town (Fig. 1a) . Much of this has been filled in and built up such as the coastline of Table Bay. The quality of this service is directly related to land use, with urban industrial areas, informal housing, and cultivation having the most severe effects.
The natural vegetation in the coastal protection zone (Fig. 3f) provides an important buffer that absorbs wave induced storm damage. This highlights those coastal areas that have been developed predominantly for housing and industry.
The highest groundwater yielding areas are the coarse sands of dunes in the northwestern areas and the southern areas (Fig.  3h) . Unfortunately much of the groundwater in the southern region has become polluted, which reduces its value as a water source. The groundwater recharge potential for the city is strongly linked to the rainfall and also to the permeability of the rock formations and the associated soils (Fig. 3g) . Sandstone and granite-derived soils have higher recharge potential than shale soils. The low potential on the highly permeable sand of the Cape Flats is largely due to the low rainfall in these areas. The areas with the best groundwater quality coincide with areas of sandstone fynbos on the Cape Peninsula and in the Kogelberg, and on adjoining granite fynbos areas (Fig. 3i) . The Atlantis Sand Fynbos in the north also has particularly high water quality and coincides with high yields, indicating the importance of this area for both current and future extraction. The poorest quality groundwater is found on shale associated vegetation types in the east and Cape Flats Sand Fynbos in the west. The urban small holding area in the south stands out as polluted, possibly due to high nitrogen and phosphorous levels from vegetable farming. Informal settlements also appear to cause a decrease in water quality in this area. 
Remnant location service assessment
Although only a small proportion of the remaining natural area is included in solitary bee foraging, the majority of natural remnants are captured by the long distance pollination class or honey bees of up to 10 km from a remnant (Fig. 4a) . Natural remnants that are within 1 km of cultural heritage features are highlighted in Figure 4b . A number of large natural remnants have been classified by city officials as cultural sites and this accounts for the extensive nature of this category/class. The relationship between natural remnants and stop-off points on designated tourism routes (Fig. 4c) shows that a number of natural remnants are located relatively close to tourist stopoff points. The spatial extent is constrained by the distance tourists are likely to walk, which we set at 500 m. The relationship between natural remnants and city schools shows key areas situated within the City Bowl and the southwestern Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ Cape Peninsula coastal region (Fig. 4d) . There are few easily accessible remnants in the low lying Cape Flats and the more extensive and better protected and conserved remnants are far from those schools. The access problem is further exacerbated by the fact that this is a low income area and the schools cannot afford transport. The walking threshold distances proposed here of 1 km to remnants could be adjusted to include other means of transport and their associated costs.
DISCUSSION
This rapid assessment must be viewed in the context of Cape Town as a recognized biodiversity hotspot (Myers et al. 2000) . As such, the assessment set out to establish not whether biodiversity supplies ecosystem services, but rather whether the natural remnants within the city supply provisioning, regulating, and cultural services that could justify their continued existence as well as meeting critical conservation goals. The method adopts a pragmatic, rather than a purely conservation-driven approach by explicitly including the flow of services from various land uses and not just conservation areas as suggested by Piracha and Marcotullio (2003) and Palmer et al. (2004) . For example, cultivated lands contribute to infiltration, though to a lesser degree than natural vegetation and this is acknowledged in the weighting of scores. Therefore, although some of these transformed spaces may not contribute directly to the important repository of species to be conserved, they do form part of a larger multifunctional matrix of space in the city, and most certainly contribute to ecosystem service delivery and ecological functioning. In this assessment natural vegetation always scored the maximum amount, but this is unlikely to be the case in all areas, for all services. In some instances transformed areas are likely to surpass natural vegetation, as is the case for crop production.
Provisioning outsourced
The temporal assessment shows that provisioning services have been critically compromised with the loss of grazing and land capability, largely because of the geographical position of these services on the low-lying lands that are also most readily transformed to housing. With much of the provisioning services now outsourced beyond the city boundary the loss of these services is largely unimportant. For example, water is predominantly sourced from outside the city (Quick 1995 , Gasson 2002 , as cited in Swilling 2006 , and, because urban expansion has reduced available land for agriculture (del Mar Lopez et al. 2001, Anderson and O'Farrell 2012) , produce is primarily brought into the city from outlying agricultural areas and further abroad (Gasson 2002 , as cited in Swilling 2006 . These trends, whereby the provisioning services that support a city are sourced beyond that city boundary, has been noted globally (Folke et al. 1997 , Gutman 2007 , Grimm et al. 2008 . The fact that the areas that supply these services are also not adequately compensated for them is at the heart of many debates about payments for ecosystem services (Gutman 2007) . The temporal view taken in this assessment, which shows both potential service delivery and actual service delivery, demonstrates this shift from an emphasis on provisioning to one on regulatory services in the city, in keeping with other historical narratives (Anderson and O'Farrell 2012).
Regulatory services in situ
Far more critical than the loss of provisioning services, which can be sourced elsewhere, is the substantial erosion of regulating services. Regulatory services are critical to city sustainability, can only be delivered in situ, and are generally of a scale that cannot be readily substituted with engineered infrastructure. The most significant loss has been in coastal zone protection and flood mitigation services. The consequence of the loss of coastal buffering will be felt in the future with predicted climate-related change, where sea-level rise combined with increased storm strengths can increase the risk of extreme wave conditions and consequent damage (Cartwright 2008 , Theron et al. 2010 , Barbier et al. 2011 . Although this is a qualitative model, it suggests that sanctioning any further reduction in reserve land in this coastal protection zone would be unwise. The same can be said for flood plain infiltration and associated flood mitigation. The consequences of the reduction in this service are already felt by many in the low lying areas of the city near rivers. These remaining natural remnants should come under the strictest of land cover change controls to ensure the continued delivery of this mitigatory regulating service. This is particularly important given that the beneficiaries of this service are some of the most vulnerable and economically marginal in the city (Govender et al. 2011 , Musungu et al. 2012 . Although little information is available on actual pollination services or their importance within the city, our analysis highlights likely areas of importance for this service, according to two different pollinator groups.
Cultural dimension, distance, and accessibility
The examination of the distance relationships between remnants and broader society shows good potential for building a case based on cultural heritage and educational service potential. The inclusion of cultural services in the form of education and heritage in this study is based on the recognized importance of cultural service provision in the city, where remnant green spaces provide opportunities for urban dwellers to have contact with nature, which has numerous benefits. These include education about the environment and natural or cultural heritage, enhanced mental-health in response to space for recreation and relaxation, improved aesthetics, space to pursue religious or cultural rituals, cushioning of noise and air pollution, and the potential for inclusion in a tourism industry with economic benefits (YliPelkonen and Niemelä 2005) .
Reflections on the loss of natural land, most pronounced on the lowlands or Cape Flats, immediately highlights the potential value of such remnant patches to neighborhoods and Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ their schools. Research has found that urban fragments are of value to inner city schools and residents (Britton and Jackelman 1995 , Le Maitre et al. 1997 , Ashwell 2010 and education is a viable 'hook' on which to build a case for conservation. This study demonstrates diminishing opportunities for the numerous schools on the lowland areas to access natural land and a growing scarcity of opportunities for the provision of associated cultural services. There are opportunities for forging links between schools and remnant patches with a view to securing the future of biodiversity in these remnants and with positive benefits for the schools (Britton and Jackelman 1995, Manuel 2006) . The inhabitants hold the key to securing the sustainability of the city and the inclusion of this social dimension in this rapid assessment has proved valuable and warrants greater attention in future.
Although, at a broad scale the natural environment most certainly contributes to Cape Town's tourism appeal, on a remnant scale this was not a significant driver. This assessment demonstrates that mass tourism, in its current form, does not present a viable 'hook' or case on which to motivate for the conservation of all remnant green spaces. Some of the remaining remnants are impressive from a scenic and biodiversity point of view, but are off current tourism routes. Strategic marketing campaigns that possibly linked these remnants with township tours may be a plausible strategy. It is also possible that a more specialized and focused form of tourism, targeting biologists, could be viable.
Ecosystem services arguments for urban conservation
This assessment indicates some very clear opportunities for invoking ecosystem services in motivating natural remnant conservation. Absorption of storm waves, for example, is clearly a critical regulatory service and a strong case can be made for coastal dune protection on this basis. The multiple service approach highlights the potential for building a case for using ecosystem service 'bundles' for the retention of natural remnants and green space, and the value of including a variety of services (Bennett and Balvanera 2007) . The use of multiple layers demonstrates that a case can be made for a great number of critical remnants based on some ecosystem service. For example one area may serve as seasonal flood protection and also hold potential education value by its proximity to schools in an otherwise highly built up area. Or an area might not hold any tourism potential, but can be shown to be close to other remnants that warrant attention for the preservation of pollination services. The addition of a cultural service, and associated accessibility layer, supports the use of multiple services to demonstrate the societal value of remnants. It is worth noting that in some instances the ecosystem services argument will not gain sufficient purchase and here conservation must be fought on a different level, speaking to national responsibility and global biodiversity concerns. This method can readily demonstrate where those singular cases might be, and in turn different arguments can be mobilized around these remnants.
The spatial arrangement of ecosystem service delivery is clearly presented through this method. The evident erosion of services through time demonstrates a history of urban planning taking place without cognizance of the importance of urban nature in ensuring city sustainability and resilience. Both current and future land use and environmental changes highlight the vital importance of regulatory services. If the scenario of developing all unconserved natural land in the city becomes reality, it could result in significant further loss if we fail to achieve densification and continue with urban sprawl. There is a critical need for spatial planning to engage with the various layers produced in an assessment such as this. Although any urban planning exercise and associated development initiative will require inevitable trade-offs such as ecosystem services in favor of housing, it is important that these trade-offs be informed. This is particularly pertinent to Cape Town, where the natural environment has a high biodiversity irreplaceability value and as a result the city presents a low choice environment where spatial planning decisions must be made under constrained circumstances. The option of matching ecosystem services and conservation targets, used for example by Egoh et al. (2011) , cannot be exercised. In this minimal choice environment, prioritizing on the basis of ecosystem services and selecting only those sites of highest values, is potentially problematic from a biodiversity perspective. Although defining biodiversity hotspots may be a valuable approach in conservation prioritization, it is not necessarily a good approach for ecosystem services in the urban setting. In a hotspot such as Cape Town, biodiversity must lead over ecosystem services in building the conservation case.
The value of a rapid assessment tool What emerges from this rapid assessment is not a full or complete ecosystem service assessment or inventory. In the same way as a scoping study would precede an environmental impact assessment, we argue that a rapid assessment such as this should precede a full ecosystem service assessment. This rapid assessment technique should be seen as a scoping tool highlighting areas where ecosystem services have been particularly adversely affected. Although this analysis may be limited by available biological and social data, such as tourist walking distance preferences, it is fairly simple to apply. Furthermore its use and implementation do not require dedicated training for users as in the case of other more sophisticated approaches and tools such as INVEST (Daily et al. 2009 ).
The value of a scoping tool is that it can quickly derive the status quo, and simultaneously generate a platform for the formation of a common language and understanding to guide future discussions. In turn, areas of contention or contradictory Ecology and Society 17(3): 27 http://www.ecologyandsociety.org/vol17/iss3/art27/ circumstances, common when making ecological and social decisions, are issues quickly brought to light and can be readily addressed (Haila 1995) . The development of this initial macro spatial and temporal scale understanding could in turn be used to direct more detailed assessment such as those proposed by Cowling et al. (2008) or foregrounding of various agendas. For example, it would be easy to run a scenario based on a housing development agenda (Turok and Watson 2001) , or one to explore the specifics of climate change related impacts (Grimm et al. 2008) , direct restoration efforts, or even to guide experimental design (Felson and Pickett 2005) .
In the same way this tool can highlight issues and provide opportunities for focusing future work, it can also serve to demonstrate who the players are, or should be. The tool requires expert input but finds its relevance only in the hands of practitioners; as a result its success is hinged on both successful discipline-driven interdisciplinary and issue-driven interdisciplinary engagement (Max-Neef 2005 , Robinson 2008 ). Of particular significance to its success would be engagement among the various departments within the city. It is hoped that a rapid assessment such as the one presented here could serve as a vehicle to forward both this type of engagement, and in turn, in driving discussions toward innovative new solutions deemed critical to sustainability and resilience (Parnell et al. 2009 ).
It must be acknowledged that South Africa has well-developed spatial datasets. This is not the case for most developing countries, and in these countries assessments of this nature would have to rely on globally produced datasets. These are often at coarse scales with poor resolution resulting in services being either grossly under or overestimated for these parameters being measured. Furthermore, rapid assessments as described here could in fact become lengthy processes when datasets need to be secured, or worse still developed, and in these instances alternative methods should be sought for assessing ecosystem services.
CONCLUSION
This study highlights the current and future potential service extent and changes within Cape Town based on natural vegetation and transformation. It demonstrates a useful rapid ecosystem services assessment method for understanding ecosystem services in an urban context at the city scale. It highlights both the value of ecosystem services to the city, in particular regulatory services, and shows where services are being eroded. The method shows potential to generate scenarios and assess specific ecosystem services, for example with further loss of specific vegetation types. The remnant distance analysis shows the value of considering multiple ecosystem services in building conservation arguments. Our scale of assessment does not allow for the nuanced and individual understanding of associated trade-offs presented by individual patches, and although it could be adapted to do so this would typically require more time and resources. Last, this method has the potential to facilitate and drive constructive engagement between ecosystem service experts and city planners, a crucial condition for urban sustainability. 
